INTRODUCTION
One of the steroid hormones that naturally occurs in the human body is estradiol. It is also an estrogen sex hormone, the primary female sex hormone. Estradiol can be found in most vertebrates as well as many insects, fish and other animal species (1) . In many studies, the identification and quantitation of estradiol is a subject of interest. The most sensitive method and widely used technique for estradiol determination is liquid chromatography (LC) (2) (3) (4) (5) . In environmental analyses, reversed-phase high pressure liquid chromatography (RP HPLC) with different detectors is used (6) . Although being less sensitive, the method of thin layer chromatography (TLC) can be used for estradiol determination (7, 8) .
For understanding the chromatographic processes, it is very useful to establish the mathematical models. Quantitative structure-retention relationship (QSRR) is a technique for determining relationships between chromatographic properties of investigated mole-cules and molecular descriptors. In QSRR studies, two groups of input data are needed, dependent and independent variables (9) . The use of computational methods increases, particularly for prediction of the influence of various factors on biological activity and for establishing correlations between them. A very important step in establishing the QSRR models is to select the most suitable descriptors for predicting retention. In this paper, molecular lipophilicity descriptors were calculated using suitable software for molecular design.
One of the most important physicochemical properties of a molecule that determines its bioactivity is its lipophilicity. Estimation of the lipophilic character of new, potentially biologically active compounds is considered as one of the first parameters to be determined. Lipophilicity is a molecular property that expresses the relative affinity of a solute for aqueous and organic phases (10) . Rapidly increasing use of lipophilicity in modeling of the biological processes indicates the great need for valid procedures for quantification of this physicochemical property.
The aim of this study was to characterize the physicochemical properties of estradiol derivatives and to find the possible relationship between retention characteristics and lipophilicity parameters of investigate compounds in order to understand the separation mechanism in the given chromatographic system. Additionally, the task was to evaluate if established models can be used for the prediction of the retention behavior in given chromatographic systems and to mark the best predictive model for ten estradiol derivatives. Ten estradiol derivatives were examined using normal-phase high-performance thin-layer chromatography (NP HPTLC).
EXPERIMENTAL

Thin-layer chromatography
High performance TLC was performed on 10 x 10 cm plates that were pre-coated with silica gel 60 with fluorescence indicator (Merck, Darmstadt, Germany). The investigated compounds were dissolved in methanol (2 mg/ml). Glass capillaries were used to apply samples on the plates 1 cm from the edge. The mobile phases were benzene-acetone (9:1 v/v) and benzene-ethyl acetate (9:1; 8:2 v/v). After chromatograms development, the plates were dried at the room temperature (20-22 o C) and spots were detected under UV light (λ = 254 nm). The R F values are averages from at least three chromatograms developed for each solute-mobile phase combination. All solvents used in the analysis were of analytical grade purity.
The names and 2D chemical structures of 10 investigated estradiol derivatives are presented in Table 1 . 
Molecular modeling and molecular descriptors
For 2D molecular structures, ChemBioDraw Ultra v12.0 software was used and 3D structures were obtained by ChemBio3D Ultra v12.0 program (11) . The 3D models were subjected to energy minimization using molecular mechanism force field method (MM2). The minimization was performed until the root mean square (RMS) value reached a value smaller than 0.1 kcal/Åmol. The values of the lipophilicity descriptors for each molecule in the data set are computed using the software MarvinSketch v6.1, ChemBio3D Ultra v12.0, ALOGPS 2.1, Molinspiration and PaDEL Descriptor (12) (13) (14) (15) . ChemBio3D Ultra v12.0 calculates lipophilicity descriptors from 3D structure and all other programs calculate lipophilicity descriptors from 2D structure. Software ALOGPS 2.1. is considered as an accurate tool for predicting the lipophilicity and aqueous solubility of molecules (16) .
QSRR analysis
LR was used for QSRR analysis. The LR analysis is used for modeling the relationship between the dependent variable and just one independent variable. It attempts to model the relationship between two variables by fitting a linear equation to observed data. Standard statistical parameters: Fisher's criteria (F), correlation coefficient (r) and standard deviation (s) and cross-validation parameters: cross-validated coefficient of determination (r (17) . The QSRR modeling was conducted using NCSS&GESS software (18) .
RESULTS AND DISCUSSION
Chromatographic data
Chromatographic retention data (R M ) of the investigated compounds are shown in Table  2 . In the mobile phases, benzene (Bz) was used as a diluent and acetone (Ac) and ethyl acetate (EtAc) as the modifiers. As it can be concluded, at the same concentration of the modifier the retention of compounds is higher in the eluent with ethyl acetate. This suggests a higher solubility of the compounds in acetone. The higher concentration of the modifier in the mobile phase Bz-EtAc causes a decrease of retention. Also, the replacement of the hydroxy group with an acetyl group (molecules 1 and 2, 2 and 3, 1 and 3) leads to the decrease of the retention values. The same pattern can be noticed when the hydroxy group is replaced with a propionyl group (molecules 1 and 4, 3 and 4, 7 and 8, 7 and 9, 8 and 9). If the hydroxy group is replaced with a benzoyl group (molecules 1 and 5) a decrease of the retention values is also observed. The compounds in which the hydroxyl group is replaced with an acetyl, propionyl or benzoyl group are less retained, and they are less polar than the compounds that have hydroxyl group. This chromatographic behavior is described by the phenomenon in the normal-phase chromatography: non-polar components pass more quickly through the layer/column than polar components. 
QSRR analysis
The calculated lipophilicity descriptors are presented in Table 3 . It can be concluded that the values of the lipophilicity descriptors are similar, with exception of AlogP and AlogP2, which are very small for the majority of the compounds. The LR analysis was carried out in order to correlate chromatographic retention (R M ) and calculated lipophilicity values and to determine the best QSRR models that can predict retention behavior. The best LR models that cover all three mobile phases (Table 2) 
It can be seen that the retention behavior is best described by the AlogPs lipophilicity descriptor. The statistical quality of established equations was determined by the standard statistical and cross-validation parameters (Table 4) . Table 4 . Statistical and cross-validation parameters for established LR models described by equations [1] [2] [3] In this study, the high values of r All presented results indicate that the LR models can be successfully used to predict the R M values of the investigated estradiol derivatives. Based on the result of the given cross-validation parameters (Table 4) and graphs ( Fig.1) it can be concluded that the best models are described by equations 1 and 2, i.e. for the eluent that contains 10 % acetone and ethyl acetate as modifiers. By the same criteria, the model described by equation 3 is also satisfactory.
In some future NP HPTLC experiments, for suitable solvent systems, the established LR models with the AlogPs lipophilicity descriptor can be used for the prediction of the retention behavior of estradiol derivatives and similar compounds. In addition, it can be concluded that by the lipophilicity parameter, the retention in NP HPTLC can be predicted as good as in reversed-phase thin-layer chromatography.
CONCLUSION
In this paper, the QSRR analysis using LR models was performed in order to identify the most important factors and quantify their influence, to select descriptors that best describe the retention behavior, and to derive mathematical models that could be able to predict the NP HPTLC chromatographic behavior of the investigated estradiol derivatives. The most appropriate molecular descriptor is AlogPs and the best statistical results were obtained with 10% acetone and 10% ethyl acetate as modifiers. Predictive power of the established models allows us to estimate the retention behavior for estrogen derivatives and similar compounds, and understand their behavior in an NP HPTLC system. Considering the small set of molecules encompassed by this study, the predictive ability of the generated models is limited.
